INTRODUCTION
Our study of the physiology of the several bacteria considered in Part I; viz., (1) Phytomonas tumefaciens, (2) Phytomonas rhizogenes and (3) Bacillus radiobacter has been continued. Since any important variations in the physiology of these organisms might have an important bearing upon the reactions they induce in plant tissue, an attempt was made to discover any basic differences in their activity.
The present investigation has been concerned primarily with three lines of study. An attempt has been made (1) to extend available information on the physiological and pathogenic properties of the organisms and to observe any correlation between physiological behavior and pathogenicity; (2) to study variations in the several organisms as they might be induced by continuous cultivation in certain media under favorable and unfavorable conditions and (3) to determine the effect of successive passages through plants upon the physiological characteristics and virulence of the crown-gall organism.
in litmus milk, calcium glycerol phosphate agar plates, peptone broth, and glycerol phenol-red broth as described in Part I. Sugar fermentation was determined in the basal medium, described by Riker et al. (1930) and Wright, Hendrickson and Riker (1930) , to which was added 0.5 per cent lactose or glucose. In all cases the bacteria in question gave typical responses except culture T2 and T37 and their single-cell progeny. The physiology of these cultures will be described later.
Plant inoculations into tomato and apple were also employed as further evidence of the identity of these cultures. Young tomato plants were used first, because of the rapidity with which the galls form, and the ease with which the plant could be obtained. The tomato plants after puncture inoculation were placed at about 70°F. in the greenhouse for four to six weeks. Apple-graft inoculations were also made with these cultures in the field and results were taken after two to three months. The series of inoculations on both tomato and apple were performed on 2 plants (5 inoculations per plant) and were repeated three separate times.
The results secured, in accord with those noted by Riker et al. (1930) , showed that P. tumefaciens produced crown-gall on both tomato and apple, P. rhizogenes produced little or no reaction on tomato but hairy-root on apple and B. radiobacter no reaction on either tomato or apple. With the exception of cultures T2-lb and T37-2b and their single-cell progeny, discussed in detail later, the characterization of the cultures by their physiological reactions and their plant pathogenicity agreed in each case.
PHYSIOLOGICAL DIFFERENCES
Additional physiological differences between these organisms were sought by employing modifications of media already tried and by using other types of substrata.
Reduction of seleniumn salts
Transfers to a sodium-selenite medium, on the basis of earlier reports (Klett, 1900;  Levine, 1925; Scheurlen, 1900; and Waksman, 1927) , appeared promising for the differentiation of the bacteria studied.
Sodium selenite yeast-water glucose agar medium was prepared as follows: glucose, 5.0 grams; sodium selenite, 0.1 gram; agar, 15.0 grams; and 1000 cc. of 1 per cent yeast water. Transfers of the various cultures were made to agar slants and incubated at 20°C. for four days. The hairy-root organisms did not grow while the crown-gall and radiobacter cultures produced abundant growth with a distinct red color in the streak, because of the presence of free selenium. The sodium selenite apparently was much more toxic to the hairy-root than to the crown-gall or radiobacter organisms.
Absorption of dyes
Since various dyes have been useful (Kellerman, 1913; in differential studies, fifteen dyes were used in preliminary trials at concentrations of 1 to 10,000 and 1 to 20,000 with yeast-water mannitol agar. The various dyes used were aniline blue, acid fuchsin, basic fuchsin, Bismark brown, crystal violet, dahlia eosin, fluorescein, orcein, methyl orange, night blue, nigrosin, rosanilin, safranin, and thionin. The only dyes that showed differential absorption or bacteriostatic effect were dahlia, thionin, JBismark brown and aniline blue. At a concentration of 1 to 10,000, dahlia retarded the growth of both the crown-gall and hairyroot organisms while Bismark brown and thionin retarded the growth of the hairy-root cultures. Thionin was the most effective of these three dyes in the inhibition of growth. In this preliminary work it was observed that the crown-gall organism absorbed the aniline blue dye, while the hairy-root and radiobacter cultures did not. Since aniline blue seemed the most promising of these dyes, it has received more detailed attention.
Water suspensions of these organisms were streaked on yeastwater mannitol aniline-blue agar plates and then incubated at room temperature. The medium had the following composition: mannitol, 5.0 grams; magnesium sulfate, 0.2 gram; dipotassium phosphate, 0.2 gram; sodium chloride, 0.2 gram; calcium sulfate, 0.1 gram; aniline blue, 0.1 gram; agar, 15.0 grams; 100 cc. of 10 per cent yeast water; and 900 cc. of distilled water; adjusted to pH 7.0. All three types of cultures grew abundantly on the medium and they differed only in their ability to absorb the aniline blue. The color absorbed by the crown-gall organism was a distinct and characteristic blue.
The concentration of aniline blue within the limits employed, 1 to 1000, 1 to 10,000 and 1 to 20,000, seemed to make little difference. At the highest dilution there was some absorption of the blue dye, but the streak did not become so intensely blue as at the 1 to 10,000 dilution which was used in all later studies. At a concentration of 1 to 1000 the medium was so blue that the absorption of blue color by the organism was not readily ascertained. At none of these concentrations did the hairy-root or radiobacter cultures absorb the blue dye. All three groups of organisms grew equally well at the various concentrations used.
The hydrogen-ion concentration of the medium, between pH 4.4 and 8.0, had no effect upon the absorption of the blue dye by the crown-gall organism. In this range the crown-gall organism absorbed the blue dye while the radiobacter and the hairy-root cultures did not.
The composition of the medium influenced the absorption of aniline blue by the crown-gall organism. Growth of the organism on potato glucose agar plus aniline blue, 1 to 10,000, showed no absorption of the blue color by either crown-gall, hairy-root or radiobacter cultures. The crown-gall cultures were slow in absorbing the blue color in Patel's (1926) medium when aniline blue was substituted for crystal violet. They did absorb and retain the blue dye, however, after seven to ten days.
Crystal violet added in concentrations of 1 to 20,000, 1 to 40,000, 1 to 50,000 and 1 to 100,000 did not prevent the crown-gall bacteria from absorbing the blue dye. However, at the greater concentrations of crystal violet there seemed to be slightly less dye absorbed. The radiobacter and hairy-root cultures did not absorb the blue dye in any of these tests.
Three different samples of aniline blue were tested and the blue color was absorbed from each by the crown-gall organism. Water solutions of two samples of dye exhibited a purplish color. This coloration was apparently due to two constituents, a blue and a violet one. A third sample was apparently more highly purified as it appeared blue without any tinge of purple. All samples served as hydrogen-ion indicators. Two of the samples never became entirely colorless on the alkaline side while the other sample was colorless at pH 7.0. On a medium adjusted to this hydrogen-ion concentration and containing the latter sample of dye, the growth of the crown-gall organism appeared as a clear blue streak on a white background. Evidently the hydrogen-ion concentration of the medium did not interfere with the absorption of the dye and the hydrogen-ion concentration of the bacterial mass was acid enough to restore the blue color. This dye absorption was useful in isolating the bacteria from galls.
Isolation medium A selective medium is desirable for the isolation of the crowngall organism. Surface sterilization of crown galls with mercuric chloride is not commonly satisfactory because the organisms are very sensitive to this chemical. Diseased tissue frequently contains a variety of saprophytes which develop rapidly on agar plates. Soil particles adhering to the malformation cause considerable contamination. These factors and the close relationship between the crown-gall organism and many other bacteria found in the soil made it desirable to have a selective medium for the isolation of the crown-gall organism. Patel's (1926) medium has been commonly and successfully used.
Aniline blue in yeast-water mannitol medium was such a distinct aid in the isolation of the crown-gall organism that it has been commonly used. When 0.1 gram of aniline blue per liter was added to yeast-water mannitol agar the crown-gall organism was readily isolated from diseased tissue and even from macerated gall tissue to which garden soil had been added. This dye inhibited most of the molds. The crown-gall organism was usually present in great abundance and was readily recognized by the blue color of the colonies. However, many types of colonies of other organisms were also present, some of which appeared purple less other bacteria do absorb this dye with the same color character, but so far they have not been encountered in crown-gall tissue. Since crown-gall organisms may exist which do not absorb aniline blue, as is shown later in this paper on the selection of sectors from colonies on yeast-water mannitol aniline blue agar, this medium has perhaps certain limitations as well as advantages.
The absorption of aniline blue by the crown-gall organism has been studied to test whether or not the dye might lower the virulence of the culture. The crown-gall organism was allowed to grow upon yeast-water mannitol aniline blue medium for six weeks and then was inoculated into young tomato plants. Typical crown gall was formed in each case. The growth upon the medium seemed to have no effect upon either the virulence or the longevity of the organism.
Growth in relation to oxidation-reduction potentials Growth in a highly oxidized medium employed showed physiological differences between hairy-root bacteria on one hand and the crown-gall and radiobacter organisms on the other. Potassium nitrate mannitol agar medium was used which had the following composition: mannitol, 10.0 grams; potassium nitrate, 0.5 gram; dipotassium phosphate, 0.5 gram; sodium chloride, 0.2 gram; agar, 15.0 grams; and distilled water, 1000 cc. It was adjusted to pH 7.0. Transfers of a considerable number of bacteria from each culture, respectively, were made into shake agar cultures that were incubated at room temperature. They were examined after four and ten days. The crown-gall and radiobacter organisms produced abundant growth at the surface, while the hairy-root cultures formed a zone of growth from the surface down to a depth of one-fourth inch. When the oxidationreduction potential of the medium was increased by the addition of 0.1 gram of potassium permanganate per liter the crown-gall and radiobacter cultures still grew abundantly at the surface, while the hairy-root cultures either failed to grow or produced only a slight growth below the surface. Sagen et al. (Part I of this paper) have found that the hairy-root organisms did not grow in liquid potassium-nitrate mannitol medium, as they appeared to be unable to utilize potassium nitrate as a source of nitrogen. It is probable that the hairy-root organisms grew in these agar shake cultures because of the presence of impurities in the agar. The addition of potassium permanganate apparently prevented growth of the hairy-root organism because of the highly oxidized condition it produced.
Growth in ferric-ammonium-citrate medium, another highly oxidized substratum, also showed physiological differences between hairy-root bacteria on one hand and the crown-gall and radiobacter organisms on the other hand. The medium consisted of 10.0 grams ferric-ammonium citrate, 0.5 gram magnesium sulfate, 0.5 gram dipotassium phosphate, 0.2 gram calcium chloride and 1,000 cc. of distilled water, adjusted to pH 7.0. The crown-gall and radiobacter cultures both produced a distinct reddish-brown pellicle at the surface and a reddish-brown coloration in the medium, apparently because of the formation of ferric hydroxide. The hairy-root culture frequently did not produce any growth; and where growth did appear there was no reddishbrown discoloration.
Similar differentiation was secured when this medium was used for agar shake or slant cultures. In agar shake cultures the crown-gall and radiobacter cultures grew at the surface and produced a zone of reddish-brown color in the upper portion of the medium. The hairy-root cultures sometimes grew to a slight extent below the surface but did not produce any reddish-brown color zone. Similarly, on agar slants the crown-gall and radiobacter cultures grew abundantly and produced reddish-brown coloration in the medium while the hairy-root cultures either failed to grow or grew slightly without the reddish-brown color.
The amount of ferric ammonium citrate may be varied from five to twenty-five grams per liter; but 10 grams proved the best proportion. With a concentration of 2.5 grams (in liquid medium) the hairy-root organisms produced more visible growth, so that it was difficult to separate the three organisms during the early stages of growth. But after ten days the crown-gall and radiobacter organisms could be readily distinguished. The addition of 0.1 gram potassium permanganate to this medium con-taining 10.0 grams ferric ammonium citrate was usually employed in routine diagnosis of the organisms as it inhibited the growth of the hairy-root organisms even more definitely.
Oxidation-reduction potentials induced by growth The oxidation-reduction potential of the medium was changed by the growth of the organisms. Preliminary studies indicated that the crown-gall (pathogenic culture, Al, and nonpathogenic culture, A6-6) and radiobacter organisms were slightly more active in inducing low oxidation-reduction potentials than the hairy-root organisms. These studies were made by determining the E.M.F. produced by the organisms in liquid medium as described by Allyn and Baldwin (1932) .
The ferric ammonium citrate medium used was highly oxidized and well buffered. The Eh of the medium was about +450 millivolts (in terms of the hydrogen electrode) in the open control; the sealed control possessed a somewhat lower potential (about 100 millivolts) brought about by the exclusion of atmospheric oxygen.
There was no significant difference between the crown-gall (pathogenic, Al and nonpathogenic, A6-6) and the radiobacter cultures from the standpoint of the oxidation-reduction potentials produced. These cultures reduced the medium quite rapidly at first and then more gradually, always remaining within a few millivolts of each other during the entire experiment, and never reducing the potential below zero under the conditions of these experiments. The formation of the brown pellicle could commonly be predicted by noting the E.M.F. produced. This indicated, in accord with Allyn and Baldwin (1932) , that the pellicle formation of the crown-gall and radiobacter organism was associated with the oxidation-reduction potential of the medium.
The hairy-root organism reduced the oxidation-reduction potential as rapidly as the crown-gall and radiobacter organism during the first few days of growth. However, the potential soon rose and continued to rise gradually so that after 18 days it was slightly below that of the open control. Apparently the organism was able to initiate growth in the medium but was unable to continue growing; and subsequently the medium was reoxidized by atmospheric oxygen.
There was only a slight change in the hydrogen-ion concentration because of the growth of the organisms, and the changes in potential were largely owing to an actual increase in reduction intensity. The change in the oxidation-reduction potentials induced by the organisms in yeast-water mannitol aniline-blue medium, which was very favorable for the growth of all these organisms, was more marked than that mentioned above. The crown-gall (pathogenic and nonpathogenic) and radiobacter organisms reduced the medium very rapidly, reaching a potential after 5 to 7 days of approximately -100 millivolts which was maintained with very little change for a month (to the end of the experiment). The potentials induced by these organisms remained within a few millivolts of each other during the entire experiment ( fig. 1) .
In this medium the hairy-root organisms reduced the oxidation-reduction potential but with more of a lag than in the case of the crown-gall and radiobacter organisms. However, after the 14th day the oxidation-reduction potential induced by the hairyroot organism was essentially the same as that induced by the others.
ARTIFICIALLY INDUCED VARIATIONS
Many variations in Phytomonas tuinefaciens have been observed since it was first isolated and described by Smith and Townsend (1907) . Smith, Brown and Townsend (1911) saw variations in the organisms isolated from different hosts. The similarity between certain nonpathogenic organisms and the crown-gall organism has been observed by Brown and Leonard (1932) . Patel (1929) noted that the two types were similar in their morphological and physiological characters and could be separated only by their pathogenicity. Stapp (1927) and other workers have recognized widely divergent strains of the crown-gall organism and report that various strains of P. tumefaciens may be separated from one another by agglutination. Rough and smooth forms of the organisms have been secured by Link and Hull (1927) , Israilsky (1929) , Muncie and Patel (1930) . Israilsky and Starygin (1930) in continuing their studies upon the rough form, observed that the smooth and rough type of P. tumefaciens differed only slightly in several biochemical characteristics. They were inclined to assume that they were dealing with the intermediate 0 form, as they were able to observe by miscoscopical examination a whole series of transitory forms, and also because on plating, the rough form produced a constant percentage of smooth forms. This suggests that the organism readily undergoes dissociation and an attempt to induce variation in the culture by artificial means might be readily accomplished. However, it is scarcely necessary to mention that reports of variability in cultures, whose original purity might be in question, cannot be accepted without reservation.
Attempts to induce variation in culture by repeated transfer on artificial mnedia
The uniformity in physiological characters among the singlecell cultures of each organism of the collection of cultures gave opportunity to study the possibility of inducing variation by cultural conditions and to observe the conditions under which variation occurred. Slight variations in culture had been previously observed in the streaks on calcium-glycerol phosphate plates. Some of the streaks showed sectors, and others, secondary colonies. These observations made attempts to induce variation appear promising. Cultures and media employed. The procedure in these studies included all the single-cell cultures and their parent cultures, the histories of which have been previously described. These were carried with monthly transfers on six different media, selected because they had a wide range of carbohydrate-nitrogen ratios, pH values and oxidation-reduction potentials. All media were incubated at room temperature except nutrient gelatin which was incubated at 18°to 20°C. Three to four monthly transfers were made.
The following media were used: (1) AMalt gelatin broth con- No real changes in the bacteria were found following growth on these media. There were indications that the cultures showed slightly atypical reactions on these various media after three to four monthly transfers, but when the cultures which showed slight variations were tested on various diagnostic media such as potassium-nitrate mannitol agar shake cultures, sodium-selenite agar slants, litmus milk, calcium-glycerol-phosphate agar plates and by inoculation into tomato plants, no change in the organisms was detected. Consequently the large amount of data accumulated in these studies is omitted.
The failure of this procedure might perhaps result from the fact that variation often takes place within a culture by the formation of aberrant organisms. These organisms might be relatively few in number in the culture or in various parts of the culture; so that when transfers were made to new media by the ordinary method the organisms which were transferred were predominantly of the normal type. Likewise, the medium might not be favorable for the growth of the aberrant organism which was consequently overgrown by the normal type. To overcome this difficulty, plating of the cultures was employed in the hope that any aberrant strains which appeared would have an opportunity to develop into colonies. This one and all the others reacted like typical crown-gall cultures on the diagnostic physiological media. The nonpathogenic culture was isolated from culture A6, a single-cell crown-gall culture. 1Iany attempts to induce gall formation on tomato and sedum plants in different trials during the following year failed while the controls produced galls. From this culture sixteen colonies wAere isolated and then checked for physiological behavior and pathogenicity. They all reacted like typical crown-gall cultures on the physiological media, but failed to induce galls. Thus, a nonpathogenic crown-gall culture which reacts physiologically like the virulenit crown-gall organism has been isolated. Since the parent culture was of single-cell origin, there is definiite indication that the culture has undergone variation during cultivation on media.
Aniline blue sectors. Crown-gall cultures were studied for their ability to absorb aniline blue as described earlier in this paper. Colorless sectors in the blue streak on yeast-water mannitol aniline-blue medium had been observed in some of the cultures of the crown-gall organism. An effort was made to determine any correlation between this character and virulence. Organisms from the colorless sectors of various single-cell cultures were isolated and transferred to agar slants. After repeated trials 2 cultures were secured which showed no blue dye absorption. The physiological behavior on culture media and pathogenicity of these cultures was then determined. They both reacted like typical crown-gall cultures on the differential physiological media mentioned earlier and induced galls on young tomato plants. Thus, virulent crown-gall cultures were obtained which did not react typically on the yeast-water mannitol aniline-blue medium.
The effect of successive plant passages upon the physiological characteristics and virulence of the crown-gall organisml
The effect of successive passages through plants was studied with 3 cultures: viz., A5 and A6 which are single-cell isolations of T5fff1 (itself a single-cell isolation of T5), and T3-lc-1, which is a single-cell culture of T3-lc. The single-cell and parent cultures in previous studies always produced galls on tomato plants and showed the typical physiological reactions of crown-gall organisms on the differential media mentioned earlier.
Young tomato plants were used for inoculations in the plant passage work. When they were about four to six inches in height, they were puncture-inoculated three times with the crown-gall organism from a forty-eight-hour-old agar slant of the culture. Duplicate plants were inoculated with each organism and allowed to develop for five to eight weeks. During this time large galls were formed.
After the development of the galls a thin outer layer of tissue was removed from the gall with a sterile scalpel and discarded. The remainder of the gall was removed and placed in a sterile Petri dish. Material from different galls of the duplicate plants were mixed and about five cubic centimeters of sterile distilled water were added and the gall macerated. Small pieces of sterile absorbent cotton were moistened in this liquid and placed in each of the three punctures in the stems of two new plants. Controls were carried in each series by making sterile punctures in the stems of other plants. After two or three days the absorbent cotton was removed from the punctures. At each transfer other plants were inoculated from agar slants of the original culture.
Organisms were isolated from a gall each time it was transplanted into a new plant. After suitable incubation, ten colonies from these isolations which appeared to be the crown-gall organism were transferred to yeast-water mannitol agar slants, for further study.
The plan and results of successive inoculations in different plants are illustrated in figure 2. In this manner the organisms were continually kept in the host tissue without growth in vitro, and representatives were secured in culture after each plant passage. This method of inoculation and isolation was performed with each of the three cultures used in the plant passage work.
An examination of the material showed no appreciable difference in the size of the galls produced on the different plants of each experiment, which indicates that plant passage had no apparent effect upon the virulence of the organism. In four instances noted in figure 2 galls did not form on the plants inocu- 6.AUG. 18 A5-F7 isolated (table 1) .
on July 8, 2017 by guest http://jb.asm.org/ Downloaded from lated with macerated gall tissues. Isolations were made from the punctures in these plants, but only contaminating forms were present. It appears that no galls were formed because of an insufficient volume of the right bacteria to induce gall formation.
The pathogenicity and certain physiological characters of the organisms isolated from the several plant passages are described in the following pages.
Five differential media were selected for the study of their physiological behavior: (1) Ferric-ammonium-citrate potassiumpermanganate broth, (2) litmus milk, (3) potassium-nitrate glycerol broth plus phenol red, (4) calcium glycerol phosphate agar, and (5) yeast-water mannitol aniline-blue agar.
The pathogenicity of the 313 cultures isolated from plant passage was determined on young tomato plants by the same method previously described. Of these cultures, 70 were isolated from punctures that had not formed galls and which were not typical crown-gall cultures in appearance nor in physiological and pathogenic behavior. They were considered as contaminating organisms and were discarded. Two hundred and thirty-four cultures produced typical crown-gall reactions in the physiological media and in pathogenicity tests. The nine remaining cultures showed physiological variations but produced typical galls. In every case, these cultures were isolated after the first plant passage. Since these cultures showed physiological variations, single-cell cultures were isolated from several of them.
Certain physiological characters and the pathogenic behavior of these nine aberrant cultures, and of the single-cell progeny of certain of them, are compared with typical crown-gall and radiobacter reactions in table 1. From this table it is apparent that these cultures vary from the normal in one or more of the following characteristics: failure to produce serum zone in milk, failure to absorb aniline blue, the production of an alkaline reaction and consequent pink color in the potassium-nitrate glycerol phenol-red medium and "rough" colonial character. In all other physiological characteristics observed and in pathogenicity these cultures were similar to typical crown-gall cultures. None of the aberrant cultures showed more than two characters at variance from the normal.
None of the cultures which showed typical crown-gall physiological reactions were avirulent, indicating that continued plant passage did not reduce the pathogenicity of the organism. fig. 1 ) of culture T3-lc-1.
t Culture isolated after first plant passage (d, fig. 1 ) of culture A5. t Culture isolated after first plant passage (e, fig. 1 ) of culture A5.
Both rough and smooth pathogenic cultures were obtained from isolations. Rough cultures which are similar to the normal pathogenic smooth cultures except for roughness and others which are rough and are similar in all physiological reactions except the production of the clear serum zone in litmus milk were isolated.
Smooth, pathogenic crown-gall cultures which are similar to B. radiobacter physiologically on potassium nitrate glycerol phenolred broth and yeast-water mannitol aniline-blue media were also obtained.
The occurrence of these pathogenic crown-gall cultures which possess physiological characteristics more closely allied to B. radiobacter than to the typical cultures of P. tumefaciens is another indication of the close relationship between the crown-gall and radiobacter organisms. Earlier in this paper a culture was described which was a typical crown-gall bacterium in its physiological characters but resembled B. radiobacter in being nonpathogenic. Further evidence of the close relationship of these three organisms is given by a study of the atypical cultures which have been described in this paper. In the original group of cultures T2-lb and its single-cell progeny all reacted as crown-gall bacteria in the physiological tests but failed to infect any of the plants tested. A similar culture was secured by picking a colony from a poured plate of a single-cell typical crown-gall culture. These culWures have the physiological characters of crown-gall bacteria but exhibit the lack of pathogenicity which is characteristic of radiobacter. The culture secured by laboratory manipulation is certainly an avirulent crown-gall organism. The T2-lb culture was derived from an almond gall and it perhaps may also be an avirulent crown-gall organism.
The ability to absorb aniline blue from certain media, and the failure to produce an alkaline reaction with the consequent pink color in potassium-nitrate glycerol phenol-red medium are among the useful tests in distinguishing crown-gall bacteria from radiobacter. Virulent cultures of crown-gall bacteria were secured in the plant passage experiment which gave radiobacter reactions in these two media.
Thus, by laboratory procedures and by plant passage it has been possible to secure cultures which were doubtless descendants of crown-gall bacteria that had either lost their pathogenicity and thus resembled radiobacter or had acquired some of the physiological characters of radiobacter without losing their pathogenicity. In no instance was any crown-gall culture secured which had acquired the physiological characters of radiobacter and had become nonpathogenic. If the nonpathogenic cultures of crown-gall could be induced to assume the physiological characters of radiobacter or the pathogenic crown-gall cultures which were physiologically similar to radiobacter were to lose their pathogenicity, there would be accomplished a transference of Phytomiionas tunefaciens into an organism possessing the important characters of that called Bacillus radiobacter. In view of the results already secured, it is possible that such changes might occur.
The T37-2b cultures gave physiological reactions typical of the hairy-root organism and produced lesions on apple similar to the crown-gall type, indicating again the close relationship existing between Phytornonas tumnefaciens and P. rhizogenes. Studies aimed at the physiology of parasitism among these bacteria are provided with exceedingly valuable tools in these atypical cultures.
In conclusion it should be emphasized that the atypical cultures discussed here are exceptions. Hundreds of cultures, many of them of single-cell origin, were examined in respect both to physiology and to pathogenicity in order to discover about 15 cultures which were atypical in some one respect. The fact that so few aberrant cultures were discovered indicates great stability among these cultures and does not detract from the usefulness of physiological and pathogenic tests in the routine study and identification of these organisms.
SUMMARY
Studies have been made of crown-gall, hairy-root and radiobacter cultures directed toward determinations of the physiological differences between these groups and of the variations within the same group under different conditions. The pathogenicity of all the cultures employed was studied in connection with their physiological behavior.
In the physiological studies, 55 cultures, including 12 parents and their 43 single-cell progeny, were employed.
Differences in physiological behavior between these groups of bacteria, not reported in earlier papers, were noted in respect: (1) to the reduction of sodium selenite; (2) to either absorption or bacteriostatic effects with dahlia, thionin, Bismark brown, and aniline blue; and (3) to types of growth in several media in which the oxidation-reduction potentials were varied.
For isolations of cultures from crown galls a yeast-water mannitol medium with aniline blue was found useful.
The oxidation-reduction potentials of the ferric-ammoniumcitrate medium and of the yeast-water mannitol aniline-blue medium were lowered by representatives of the three groups of organisms in a similar manner.
Two aberrant cultures were found and their physiological and pathogenic behavior described.
Variations in the physiological and pathogenic reactions of the 55 cultures were not obtained by continuous cultivation in artificial media.
A nonpathogenic crown-gall culture was secured from a singlecell parent by colony isolations.
Variations in the physiological behavior of the crown-gall organism was obtained by plant passage. The variations ob-
